Abstract. This paper describes the use of the NetLogo environment to perform the Constructal Design of a Double-T shaped Cavity with the stochastic algorithm Simulated Annealing. The algorithm is used in the geometric optimization of a heat transfer problem, which consists in a solid body with an internal uniform heat generation, which is cooled by a cavity that is maintained at a minimal temperature. The other surfaces are kept with an adiabatic condition. The objective is to minimize the maximum excess of temperature in the solid domain through geometric optimization of the isothermal double-T shaped cavity.
Introduction
The Constructal Theory is based on the view that the shapes and structures that emerge in nature are not due to a random cause, but a design ruled by a physical phenomenon. According to Bejan [1] , there is a law that governs the designs in nature, the Constructal Law. The Constructal Law defines that "For a finite-size flow system to persist in time (to live), its configuration must evolve in such a way that provides easier access to the currents that flow through it". The application of this theory in engineering 2 consists on the Constructal Design (CD) method. With this method it is possible to define constraints and objectives of an optimization problem according to the Constructal Theory. However, the CD is not an optimization method, but the method that helps to find the best distribution of imperfections in any flow system.
The study of cavity was firstly proposed by [3] , when it was investigated the first and second elementary construction of the C-shaped and T-shaped cavities. The CD method is used to define constraints and degrees of freedom and the Exhaustive Search (ES) to find the optimal geometry recommendation. In [4] the H-shaped cavity was optimized and the achieved results showed that more complex cavity tends to have a best thermal performance. Some examples can be seen in complex and multi cavities studies [7, 13] . However, the more complex is the cavity geometry, more degrees of freedom must be optimized. Then more computational effort is needed in the optimization process. In this case, the ES, where all possibilities are evaluated to achieve the optimal geometry, is impossible to be employed. Recently [5, 7] the ES has been replaced by meta-heuristic strategies in the optimization process to find the optimal shapes. The double-T shaped cavity was proposed by [5] employing the Simulated Annealing to the geometric optimization.
In this paper it is performed the geometric optimization of the isothermal double-T shaped cavity that influences the thermal performance of fins array. The double-T shaped cavity has five degrees of freedom (DOFs). In this study, four DOFs are optimized through SA implemented in the NetLogo environment. The results obtained are compared with the results shown in [5] , in order to validate the use of NetLogo approach in the Constructal Design problem. The numerical solver that evaluated the temperature fields is the PDE Tools of the MATLAB R environment. An integration with NetLogo was performed to run the SA algorithm. The MATLAB R solver is used to compute the objective function for the SA algorithm in NetLogo. This integration is also implemented in other works such as in [2] . In this work the integration between these two models frameworks is being analyzed as a first step to validate the employment of NetLogo with Constructal Design. The advantages of the NetLogo approach are the easy integration with the MATLAB R and graphical user interface building, as well as, the possibility to use the multi-agent models in the geometric optimization of heat transfer problems. Figure 1 shows the conducting body in the two-dimensional configuration, with the third dimension, with length W , perpendicular to the plane of the figure. The solid domain is represented by the gray region in Fig. 1 , which has a constant and uniform internal heat generation at the volumetric rate given by q (W m −3 ). The solid has a constant thermal conductivity k. The outer surfaces of the solid are perfectly insulated, corresponding to adiabatic conditions. In this case, the heat can only be removed through the double-T shaped cavity, which is kept at a minimum temperature (θ min ). The minimal temperature of the cavity may be kept with the flow of refrigerant fluid through the cavity, changing phase at low temperature flowing. For the sake of simplicity, the heat transfer coefficient on the cavity wall is assumed so large that the convective resistance can be neglected in The objective of the analysis is to determine the optimal geometry (
Mathematical and Numerical Model
that is characterized by the minimum global thermal resistance (θ max − θ min )/(q A). According to CD this optimization can be subjected to the constraints of the total area and cavity area, represented respectively by following equations:
The fraction of the cavity area in relation to total area is given by:
For the determination of the temperature field in the solid domain, it is necessary to solve the heat conduction equation given by:
where the dimensionless variables are:θ
For the sake of brevity, the equations of boundary conditions of null flux in the solid outer surfaces, as well as, the equations of boundary conditions of minimal temperature in the cavity wall can be seen in the study of [5] .
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The dimensionless form of the Eqs. 1-2 are represented by the following equations:
The aim is to minimize the maximal excess temperature represented by the following equation:θ
The determination ofθ max it is needed to optimize the five degrees of freedom (H/L,
The function represented by Eq. 11 is determined numerically by solving Eq. 4 for the temperature field in every assumed configurations (
and S 1 /H 0 ) and calculatingθ max to see whether its value may be minimized by varying the configuration. The numerical solution is performed with the Finite Element Method (FEM) see Ref. [11] , based on linear triangular elements, developed in the The MATLAB R environment, with the PDE (partial-differential-equations) toolbox [13] . The grid was non-uniform in both x and y directions, and varied from one geometry to the next. The appropriate mesh size was determined by successive refinements (h-adaptively), increasing the number of elements four times from one current mesh size to the next one. For the sake of brevity, the grid independence test can be seen in [5] .
Geometric Optimization
The geometric optimization is conducted by the CD method that determines the objective and constraints of the problem. With the CD method, the constraints and degrees of freedom of the problem are defined, as well as the search space for the optimization process. The search of the optimal geometry is performed by an optimization method. In this paper, the SA algorithm is applied. The SA is implemented in the NetLogo programming language, and run in this environment. The objective function, represented by Eq. 11, that must be minimized, is compute with the PDE toolbox of MATLAB R . Therefore, it is needed an integration between this two platforms.The integration of NetLogo and MATLAB R was proposed by [2] with the MatNet extension for NetLogo environment. With MatNet extension it is possible execute in NetLogo a function developed in MATLAB R and share information between the two software. The Constructal Design determines that the optimization process must be submitted to constraints that jointly with the objective function define the design of shape and 5 structure of the system. For the sake of brevity, the equations that show the variables definition as functions of the DOFs can be seen in Gonzales et al. [5] . In order to validate the NetLogo approach only four DOFs are analyzed and the results are compared to the recent literature [5] . Therefore, the results achieved here may help future studies on complete optimization and the influence of the constraints over the optimal geometry of the Double-T shaped cavity.
The SA algorithm was developed in the NetLogo programming language according to the classical algorithm [6] and the MATLAB R implementation with parameters of Reannealing and StallIterLimited [8] . The Cooling Schedule (CS) is the main parameter of the SA algorithm, so in this work are employed the hybrid parameter (BoltxExp) studied in recent works [5] . The other parameters of SA algorithm are fixed for all versions studied here (Reannealing and StarIterLimited). Therefore, twenty rounds of the SA algorithm in NetLogo environment are performed and their results are stored for a generation of a database. These results are compared with those of Gonzales et al. [5] , which were obtained with SA with the same parameters.
Results and Discussion
To validate the results of the SA in NetLogo it is performed a comparison with the results of the SA algorithm developed in MATLAB R for the same problem [5] . To perform this comparison, it is needed a statistical test over a sample of results of the various runs of the algorithm. In this work, the results of twenty rounds of the SA in NetLogo are performed and stored. The same number of the runs are executed in Ref. [5] .
The statistical test performed is the Kruskal-Wallis test for non-parametric data. The Software R is used to statistical analysis with the non-parametric test [10] . Figure 2 shows a boxplot with data of two algorithm called samat and sanet. The samat represents the SA implemented in MATLAB R , Ref. [5] . The sanet is the SA developed in NetLogo for this work. In Fig. 2 it is also possible to observe the classification of two algorithms in the same group a. Therefore, according to the results of the Kruskal-Wallis comparison the SA algorithm developed in the NetLogo environment does not have a statistically significant difference between the results of the SA algorithm implemented in MATLAB R Ref. [5] . The main advantages of NetLogo in comparison with MATLAB R environment are the easy building of the user interface and the direct integration between the interface components and algorithm parameters. With the interface, the parameters of the SA algorithm can be changed without change source code lines and it is possible easily follow the progress and variables state of the SA algorithm with the monitor components of the NetLogo. The MATLAB R environment also have a tool to design interface, but the integration is not automatic between components and variables. Then, researcher must develop this integration leading to a requirement of more knowledge about the graphical user interface development.
Concerning the performance of the two approaches, the NetLogo algorithm is slower than MATLAB R because the integration is not instantaneous. The test was executed in the same machine with the same hardware configuration and with controlled process.
MATLAB
R version was approximately 36% faster than NetLogo version. The mean time for MATLAB R was 186s while the mean time for NetLogo version was 295s. This occurred mainly because the NetMat extension is more one layer of software in the optimization process. 
Conclusions
In this work it was performed a comparison between the results obtained with the same version and configuration parameters of the SA algorithm for the geometric optimization of Double-T Shaped Cavity developed on different programming language, MATLAB R and NetLogo. The results of the statistical test have shown that the distribution of the algorithms results does not have a statistically significant difference, and that the programming environment does not influences the results. The only disadvantage is the slow performance of NetLogo compared to MATLAB R . In spite of this fact, this difference does not disregard the use of the NetLogo approach. Futures studies can be applied in the hybrid environment with MATLAB R and NetLogo. With the NetLogo environment, multi-agents models, as population algorithms, can be performed combined with Constructal Design to geometric optimization of the heat transfer problem. 
